This paper develops a method for decomposing the contributions of various types of public investment on regional inequality and applies the method to rural China. Public investments are found to have contributed to production growth in both the agricultural and rural non-agricultural sectors, but their contributions to regional inequality have differed by type of investment and the region in which they are made. All types of investment in the least-developed western region reduce regional inequality, whereas additional investments in the coastal and central regions worsen regional inequality.
INTRODUCTION
There has been a long debate on the role of public investment in economic growth (Aschauer, 1989 ; Barro, 1990; Munnell, 1992; Tatom, 1993; Gramlich, 1994 ; HoltzEakin, 1994; Evans and Karras, 1994; Garcia-Mila et al., 1996) . Public investments can be allocated to various public goods, such as research and development (R&D), infrastructure, and education. Different public goods have different characteristics and externalities and may, therefore, have different impacts on growth and equity. However, most theoretical and empirical studies focus on either just one type of public investment or on total public investment, and ignore differences among alternative types of public investments. Using just one type of public investment often leads to overestimation of its returns (Antle, 1988; Griliches, 1988) , while using aggregate government investment masks important policy information about which public investments deserve highest priority.
Apart from their role in growth, different types of public investments are also key instruments for governments to use in reducing regional inequality (World Bank, 1994) . But apart from Martin (1999) and Jacoby (2000) , there have been few studies that attempt to investigate both the regional equity and growth impacts of public investments. Jacoby (2000) found that investments in rural roads have a positive impact on growth but an ambiguous effect on regional inequality in rural Nepal. Using a two-region endogenous growth model, Martin (1999) explored the link between road infrastructure and regional inequality. Since both studies do not consider other public investments besides roads, they have limited relevance for policy makers who must choose between different types of investments as well as investment levels.
In this study, we develop a framework to assess the impact of various forms of public investment on growth and regional inequality using China as an example. The key hypothesis we want to test is that different types of public investment have different impacts on regional inequality. We will consider six major types of public investment in this study ---roads, education, electrification, telephones, irrigation, and agricultural
R&D.
There are two reasons to choose China as an example. First, the Chinese economy has grown rapidly over the past two decades at an average annual rate of about 10 percent while regional inequality has increased significantly (SSB, 1998). Second, because of huge regional differences in geography and resource endowments, China has made significant public investments in some regions in an attempt to overcome natural constraints and reduce regional inequality. The dramatic increase in regional inequality despite rapid growth and an active public investment strategy in China provide a good test for our hypothesis. Since the rural population still accounts for over 60 percent of the total population in China, and since most of the poor are concentrated in rural areas, we focus our study on the rural sector. Although there are numerous studies that attempt to describe and explain China's regional inequality (Lyons, 1991; Tsui, 1991; Yang, 1999;  and Kanbur and Zhang, 1999) , previous studies have not systematically examined the role of public investment in changing regional inequality.
One constraint to assessing the distributional impact of public investment is the lack of a suitable analytical framework to decompose the contributions of production factors and public investment on regional inequality. In the literature, inequality is decomposed based on either exogenous population groups or income sources (Shorrocks, 1982 (Shorrocks, , 1984 . The distributional effect of production factors and public investment cannot be directly analyzed with these frameworks, hence we develop a new approach based on Shorrocks' decomposition methods.
The paper is organized as follows. Section 2 describes recent trends in growth and regional inequality in China. Section 3 develops our conceptual framework. Section 4 provides our estimates of the agricultural and non-agricultural production functions needed to decompose the sources of regional inequality. A simulation is conducted in section 5 to evaluate the marginal impacts of public investments on inequality amongst three regions. Section 6 highlights our conclusions and policy implications.
GROWTH AND REGIONAL INEQUALITY IN CHINA
During the past two decades, Chinese agriculture has experienced phenomenal economic growth. This rapid growth followed the policy reforms of the early 1980s has stimulated numerous studies analyzing the sources of this growth (e.g. McMillian et al., 1989; Fan, 1991; Lin, 1992; and Fan and Pardey, 1997) . Following the traditional growth accounting approach (Solow, 1957; Denison, 1962) , most of these studies attempted to analyze the impact of institutional changes in addition to increases in the use of inputs on production growth during the reform period (from the end of the 1970s to the beginning of the 1990s). Fan and Pardey (1997) were the first to point out that omitted variables such as agricultural R&D investment would bias the estimates of the sources of production growth. To address this concern, they included a research stock variable in the production function to account for the contribution of R&D investment to rapid production growth, in addition to inputs and institutional changes. They found that ignoring the R&D variable in the production function leads to a significant overestimation of the impact of institutional change.
In addition to R&D investment, government investments in roads, electrification, education, and other public goods and services in rural areas may have also contributed to the rapid growth in agricultural production. Omitting these variables will also likely bias the estimates of the production function for Chinese agriculture.
Despite the phenomenal development of the rural non-farm sector in China, very few researchers have analyzed the sources of growth of this increasingly important sector. The only exception is Fan, Zhang, and Robinson (1999) , in which they decomposed the sources of growth into growth in capital and labor. But they failed to include public investment directly as a source of growth. One of the motivations of this study is to include these public investment variables when estimating the production functions for agriculture and non-agriculture, and to calculate the differential impact of these investments on regional inequality.
Another feature of the Chinese economy is that the gains from the policy reforms have not been evenly distributed across regions. The difference in the growth rates between the coastal and inland regions has been as high as 3 percentage points during the past two decades and regional inequality for China as a whole has increased significantly (Kanbur and Zhang, 1999) . China has implemented a coast-biased development policy with a large portion of public investment concentrated in the coastal region. It is legitimate to speculate that the skewed distribution of public investment might be an important factor behind the increase in regional inequality.
In order to better analyze these issues, we divide China into three zones: the east or coastal zone which includes Hebei, Liaoning, Shandong, Jiangsu, Zhejiang, Fujian, Guangdong, and Guangxi provinces; the central zone comprising Shanxi, Inner Mongolia, Anhui, Jiangxi, Henan, Hubei, and Hunan provinces; and the west zone comprising all remaining provinces. Tibet is excluded due to lack of data. Hainan is included in Guangdong Province. Beijing, Shanghai, and Tianjin are excluded because of their small share of rural areas and population. Table 1 compares key characteristics of the three zones in 1978 and 1995, using the western region as a base. Labor productivities in the agricultural and non-agricultural sectors were higher in the coastal and central regions than in the western region in 1978.
In addition, the productivity gaps between the western and other regions increased significantly between 1978 and 1995. For instance, the difference in agricultural labor productivity between the coastal and western zones rose from 1.03 to 1.76. Not only has the gap in labor productivity increased, but also has the disparity in input use. For example, the capital labor ratio for non-agricultural production was 20 percent higher in the coastal zone than in the western zone in 1978. By 1995, this difference has increased to 220 percent. The most notable gap is the difference in the number of rural telephones per rural resident among zones. In 1978, the coastal region had 126% more telephones per capita than the western region, and this gap increased to 943% by 1995. Comparing public capital stocks among different regions, only the gaps in education and irrigation levels have narrowed between the western and coastal regions.
In comparison, the differences in public capital stocks between the coastal and western regions have changed rather modestly. It appears that the increased disparity in output levels among regions might have been caused in large part by differences in public investment. However, we need a more formal model to quantify the contributions of various investments on overall inequality.
CONCEPTUAL FRAMEWORK
We assume that each region has the same agricultural and non-agricultural production functions at a given time but that they lie at different points on the production surfaces. Following standard procedures in the literature, we assume that the agricultural and non-agricultural production functions are of Cobb-Douglas form, with k conventional inputs and m public inputs as follows:
where Y = total Gross Domestic Product (GDP), A = intercept, X i = conventional inputs such as labor, capital, and land, P j = public investments such as roads and R&D, β i = output elasticity with respect to conventional input i, γ j = output elasticity with respect to public investment j.
The logarithmic form of equation (1) is given by:
where lower cases indicate logarithms. An error term ε is added to represent stochastic shocks to output and is assumed to be unrelated to the other variables.
Following Shorrocks (1982) , the variance of y in equation (2) can be decomposed as: (2) are not correlated with the error term, the covariance of y and ε is equal to the variance of ε. Considering that y is already in logarithmic form, ) ( 2 y σ is a standard inequality measure known as the logarithmic variance (Cowell, 1995) . It has the property of invariance to scale.
According to Shorrocks (1982) , the covariance terms on the right-hand-side of (3) can be regarded as the contributions of the factor components to total inequality. Using estimates from (2) and applying the above decomposition method from (3), we are able to quantify the contributions of various public investments on regional inequality in agricultural GDP and non-agricultural GDP. Moreover, it is also possible to calculate the impact of public investments on regional inequality in total GDP. For this purpose, we assume a Cobb-Douglas aggregation over sectors, and then regress the logarithms of agricultural GDP and non-agricultural GDP on the logarithm of total GDP as follows: where y, y 1 , and y 2 are GDP, agricultural GDP, and non-agricultural GDP in logarithms, respectively; and a 1 and a 2 are the elasticities of y 1 and y 2 with respect to y.
After estimating y 1 and y 2 based on (2), we can substitute the estimates into the aggregate GDP function (4) and then decompose the contributions of different inputs and investments on inequality in total GDP, again using equation (3).
DATA AND EMPIRICAL RESULTS

DATA
A panel data set including 25 provinces over the period 1978-1995 was constructed from various governmental data sources. We divided total rural GDP into agricultural GDP and rural non-agricultural GDP to reflect differences in their underlying production structures. Both nominal GDP and real GDP growth indices for various sectors are available from The Gross Domestic Product of China (State Statistical Bureau (SSB), 1997a). The data sources and method of construction of national GDP estimates were published by the State Statistical Bureau (SSB, 1997b). This publication indicates that the SSB has used the U.N. standard SNA (system of national accounts) definitions to estimate GDP in Mainland China for the period of 1952-95. This is the first time that the SSB has published historical GDP information at the province level for such a long period of time. We assume prices were the same for all provinces in 1980. Under this assumption, real GDP estimates for the whole period can be derived from nominal GDP data for 1980 and the published annual growth rates in real GDP.
In the empirical analysis, we consider both agriculture and non-agriculture production. Our specification of the agricultural production function includes conventional inputs (land, labor, and capital) and public investment goods such as roads, education, irrigation, electrification, rural telephones and agricultural R&D capital generated by government investment. Additionally, we include annual rainfall to reflect regional differences in natural production conditions. Our specification of the nonagricultural production function includes all the same variables except land, irrigation, agricultural R&D, and rainfall. The R&D variable is measured in stock form, and is defined as a function of past government expenditures on agricultural R&D. For simplification, we assume that the R&D stock follows a polynomial distributed lag (PDL) of degree 2. Based on available data and econometric tests, the lag length is set at 17 years. This means we only need estimate three parameters to obtain all the parameters of a 17-year lag structure. For additional details on the method, see Davidson and MacKinnon (1993) .
RESULTS
Agricultural and non-agricultural GDP functions were estimated based on equation (2). Year and region dummies were included in the equations to capture time and region-invariant fixed effects. The estimated coefficients are reported in Table 2 .
Most of the coefficients for the year and region dummy variables (which are not reported in the table) are statistically significant. The adjusted R 2 s for the agricultural and nonagricultural GDP functions are high at 0.966 and 0.949, respectively, implying good fits.
All the coefficients in the estimated agricultural GDP function are positive and, except for roads, are all statistically significant at the five percent confidence level. The summation of the coefficients for conventional inputs -labor, capital and land, is 0.993, suggesting constant returns to scale. In China, labor is abundant and land is scarce, hence one should expect that the elasticity of land would be larger than that of labor. This is confirmed in Table 2 ; the elasticity of land is 0.56 while the elasticity of labor is 0.36.
The coefficient for irrigation -a land-enhancing technology -is also significant at 0.318.
These results are consistent with the induced innovation hypothesis (Hayami and Ruttan, 1985) . 
Figure 1 Regional Inequality from 1978 to 1995
Given the estimated coefficients for the two GDP functions, we can now apply the inequality decomposition method outlined in equation (3). Tables 3 through 5 contributions of each factor in share form to regional inequality for agricultural GDP, non-agricultural GDP and total GDP, respectively. The public investment column is the summation of the columns for education, irrigation, road, R&D, electricity, and telephones.
The contributions of the three conventional inputs (capital, labor, and land) to regional inequality in agricultural GDP have declined, while the contributions of most public investments, especially R&D, electrification, and telephones, have increased.
Public investment's total contribution to regional inequality in agricultural GDP increased from 0.110 in 1978 to 0.221 in 1995.
The results are similar for changes in regional inequality in non-agricultural GDP (Table 4 ). Capital and labor have contributed little to worsening inequality, while public investment in electricity, telephones and in total has worsened regional inequality. Public investment's contribution to regional inequality in non-agricultural GDP increased from 0.144 in 1978 to 0.305 in 1995.
Turning now to total GDP, capital's contribution to worsening regional inequality increased from 0.085 in 1978 to 0.221 in 1995, even though its shares in the inequality of agricultural GDP and non-agricultural GDP changed little (Table 5) . This is probably due to a structural shift in capital from agricultural to non-agricultural production in the economy because rural industry is more capital intensive than agriculture. For the same reason, land and land enhancing technologies, especially irrigation, which are mainly used in agricultural production, have accounted for a decreasing share of overall inequality. The contributions of roads, agricultural R&D, electricity, and telecommunications have increased significantly. All this suggests that public investment has pursued a regionally biased strategy over the past two decades. As discussed earlier, the coastal region has enjoyed the most favorable investment from the government.
MARGINAL EFFECTS OF PUBLIC INVESTMENT ON INEQUALITY
Using the estimated coefficients in Table 2 and 1995 values for all relevant variables, we are able to calculate the marginal impacts of different types of public investments on regional inequality. Table 6 reports the percentage changes in regional inequality in agricultural GDP, non-agricultural GDP, and total GDP, as a result of a 1 percent increase in each type of public investment (measured in physical units) within a particular region. Two results are of special interest. First, additional investments of all types in the western areas reduce regional inequality. Additional education in the western region is much more effective in reducing regional inequality in agricultural, nonagricultural and total GDP than any other investment (with elasticities of -0.221, -0.268, and -0.277, respectively). Irrigation has the second largest impact on regional inequality in agricultural GDP with an elasticity of -0.204. For non-agricultural production, development of the rural telephone system in the western region is another important way of reducing regional inequality.
Second, if the government's current coast-biased development strategy continues, regional disparities will worsen. The positive numbers in the second column of Table 6 indicate that additional public investment of all types in the coastal area will worsen regional inequality. A 1 percent increase in education, telephones and electricity in the coastal area will lead to a 0.185, 0.084, and 0.041 percent increase, respectively, in overall regional inequality. Compared to the western and coastal regions, the marginal effects of public investment in the central region on inequality are less striking. We can regress each public investment variable against historical government expenditure data following the method developed by Fan, Zhang, and Zhang (2000) to obtain a dynamic relationship between the stocks of public goods and past government expenditures. Based on the above information in Table 6 and the estimated stockexpenditure relationships, we can further calculate the marginal returns of an additional 100 Yuan (about $12) of public investment per rural resident in each of the three regions on changes in regional inequality (Table 7) . A positive figure in Table 7 implies that increasing public investment in that region will widen regional inequality. If the figure is negative, then public investment in that region will lead to a reduction in regional inequality. The results show large regional variations in the impact of different public investments on regional inequality. Additional investments of all types in the western region reduce regional inequality, whereas additional investments of all types in the coastal and central regions worsen regional inequality. Education has the largest impact of any investment, and again additional investment in the western region reduces regional inequality, whereas additional education investments in the central and coastal regions worsen regional inequality.
These results are true for agricultural, non-agricultural and total GDP. Additional investments in agricultural R&D and rural telephones also have large impacts on regional inequality, and follow much the same pattern as investments in education.
CONCLUSIONS
This paper provides a method for decomposing the distributional consequence of various types of public investment on regional inequality, and applies the method to rural China. Using a provincial level data set for the period 1978 to 1995, a model was estimated that enables the impacts on regional inequality of different types of public investments in each of three regions to be quantified.
Conventional and public inputs have positively affected the growth in both agricultural and non-agricultural production, but have played different roles in contributing to changes in overall inequality. In general, the government has pursued a coast-biased investment strategy, and this has been an important factor contributing to the rapid increase in regional inequality.
Regional variations in the impact of public investments on regional inequality are large. Increasing public investment in the less-developed western region will lead to a decline in regional disparity. In contrast, if the government continues to favor the coastal region in its investment strategy, then regional disparities will widen further. The magnitude of the impact of different types of public investment differs as well. Among the six types of public investment considered in this paper, additional investments in education and agricultural R&D in the western region are the two most powerful ways of reducing regional inequality. 
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